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OPALESCENT FH . FRS FOR DFNTAI Pr.Tnu.-r.yp rn^Pn^.x^c 
Field of the Invpntmn 

The present .nvem.on .s generally related to a composite resin matenai 
used for dental restoration, and n,ore particularly lo a universal composue resm matenai 
suitable for ail dental restorauons incorporating a self-opalescing translucent filler. 

Backi^ro iind ofilip hncnrinn 

1" dentisiiy, practitioners use a variety of restorative materials to create 
crowns, veneers, direct fillings, inlays, onlays and splints. One of the major goals in 
restorative dentistn' is to produce restorations that match the esthetics of the natural 
tooth. Highly esthetic tooth colored restorations were first introduced to dentistty in the 
1 940-s with aciTlic resins and silicate cements. These were direct filling restorations 
that were tooth colored and trattslucen, in visible light like natural teeth. When placed 
in the mouth, the fillings were not easily discernible from the tooth itself. In the 1950-s. 
dental porcelains were introduced, which provided a variety of shades and 
translucencies to further improve the esthetics of the restorations. These were used in 
restorations, such as porcelain fused to metal crowns and bridges, or in inlays, onlays 
and veneers. Tooth shading with porcelain restorations has been highly successful and 
has become state-of-an in the industiy today. In the 1970's. fluorescence was 
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incorporated into denial porcelains, whicli funher improved the esthetics of dental 
restorations and made them more natural appearing, especially under fluorescent 
lighting conditions. More recently, in the 1990's, opalescence has been incorporated 
into dental porcelains to produce the natural '*opal effect" present in natural teeth. 
5 Transiuccncy. slKidinii, fluorescence and opalescence are optical 

properties that give the natural loolh its vital-looking appearance. Translucency and 
shading have the greatest impact on the total vitality of the tooth because they are the 
most readily observed. Dentin and enamel are both translucent, but enamel is more 
translucent, alniosi iransparcni and colorless. The color or shade of the tooth mostly 

10 comes from dentin and is transmitted through ihc enamel layer to the surface ol'ihc 
tooth. Enamel is a highly minerali/cd crystalline structure composed of millions of 
enamel rods or prisms. As light travels through the enamel, the rods scatter and 
transmit the rays to the tooth surface much like a fiberoptic system. Enamel, though 
highly iransparcni. docs not iransinii liglu like a clear window glass. Instead, the 

15 enamel diffuses the light, rendering the enamel opalescent. 

Fluorescence and opalescence are more subtle optical properties that 
further enhance the natural-looking, life-like appearance or "vitality" of the tooth. 
Fluorescence is dcllncd as the emission ol'eleciromagnetic radiation that is caused by 
the flow of some form of energy into the emitting body, which ceases abruptly when the 

20 excitation ceases. In natural teeth, components of the enamel, including hydroxyapaiite. 
fluoresce under long wavelength ultraviolet light, emitting a white visible light. This 
phenomenon is subtle in natural daylight but still adds funher to the vitality of the tooth. 
In contrast, under certain lighting conditions, the lack of (luorescence in a restorative 
material may become alarming. Under '*black light" conditions* such as that often used 
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in discoiheque-iype nigin clubs, if a restoration does not fluoresce, the contrast between 
the tooth and restoration may be so great that the tooth may actually appear to be 
missing. 

Opalescence is defined as the milky, iridescent appearance of a dense, 
5 transparent medium or colloidal system when illuminated by visible light. It is best 
illustrated by the mineral opal, w hich is a natural hydrated form of silica. Tlie "opal 
effect" is a light scattering phenomenon in translucent materials that produces a blue 
effect in reflected light due to the scattenng ofshort wavelength light and an orange 
effect in transmitted light. This effect is different from simple rellected light in 
1 0 translucent materials and produces the milky iridescent effect present in the natural 

tooth. Restorations that arc not opalescent do not have the vital looking appearance of a 
natural tooth itself. 

Without being bound by theory, the chemistry and stnicture of enamel 
may be responsible for ihc "opal effect." Ciiemically, tooth enamel is a highly 
5 mineralized crystalline structure comaining from 90% to 92% hydroxy apatite by 
volume. Structurally, it is composed of millions of enamel rods or prisms aligned 
perpendicular to the dentinoenamel junction and extending to the tooth surface. The 
enamel rods measure about 4-S ...m in diameter and the head or body section at the 
surface of the rods is about 5 ^m wide. The crystallites are tightly packed in a distinct 
3 pattern or orientation that gives strength, hardness and structural identity to the enamel 
prisms. The particle size and crystalline orientation of the enamel pnsms likely are 
responsible for producing the light scattering "opal effect." 

Although opalescence has been incorporated into dental porcelains, the 
current trend in dental restorative technology is to use composite resins for restoration. 
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rather thun ihc porcelains. Composiic resins arc a type of restorative material which are 
suspensions ofsircniiihcning agents, such as mineral filler particles, in a resin matrix. 
These materials may be dispersion-reinforced, particulatc-reinforced. or hybrid 
composites. 

5 Dispersion-remibrced composites include a reinforcing filler of, for 

example, fumed silica having a mean particle size of about 0.05 fim or less, with a filler 
loading of about 30%-45% by volume. Because of the small particle size and high 
surface area of the filler, the filler loading into the resin is limited by the ability of the 
resin lo \\ ci the fiilcr. C onsequcnily. ihc filler loading is limited to about 45% by 

10 volume. Due to the low loading, the filler panicles are not substantially in contact with 

one another, flius, the primary reinforcing mechanism of such dispersion-reinforced \ 
composites is by dislocation of fiaws in the matrix around the filler. In dispersion- j 
reinforced materials, the strength of the resin matrix contributes significantly to the total 
strength of the composiic. hi dentistry, dispersion-reinforced composite resins or 

1 5 microfills are typically used for cosmetic restorations due to their ability to retain 

surface luster. Typically, these microfill resins use free radical-polymerizable resins 
such as methacrylaie monomers, which, after polymerization, are nnich weaker than the 
dispersed filler. Despite the dispersion reinforcement, microfill resins are structurally 
weak, limiting their use to low stress restorations. 

20 One example of a dispersion-reinforced composite is HELIOMOLAR\ 

which is a dental composite including fumed silica particles on the order of 0.05 um 
mean particle si/,c and rare earth fiuoride particle on the order of less than 0.2 um mean 
particle si::.c. HELIO.VIOLAR" is a radiopaque microfiU-type composite available from 
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Vivaden,. The nrc can,, ,U,„„,. ,,n,c,es co„.„6u.. ,„ bo>h flexural s,re„gU, and 
radiopacity. 

Paraculate-reinforccd composiKs lypically incJude a reinforcing fllltr 
having an average pa„ic,e s.ze grcarer ,han abou, 0.6 Mm and a fliier loading of ahou> 
5 60«/. by volume. A, .he.se h,gh filler load,ngs. ,hc filer particles begin io con.c, one 
another and eon,ribu,e subs,an,ial,y ,„ ,he reinforcing mechan.sn, due .o .he nueraeuon 
of .he par„cles >vi.h one another and .o ,n,emtp,io„ of flaws by ,he particles themselves. 
These paniculatcreinforeed co„,p„s„e rcs.n. are stronger than nncrofil, resitts. As wi.h 
.he d,spcrs,o„.reu„„rced co„,pos„es. .he resin nto.ri.v .ypically includes methacryla.e 
0 monomers. However. ,l,c llller ,„ parucuUe-rcnforeed contposnes has a grea.er 
impac, on the .outl s.rcngth of the composite. Therefore, paniculatcreinfotced 
composites are typically used for s.ress bearing res.ora.ions. 

.Ano.her class of Jemal composi.es. known as hybrid composi.es. .nclude 
the features and advantages oldispcrs.on rc,„tbreen,en. and those of paniculate 
reinforcement. Hybrid compos.te resins contain fillers having an average pan.cle size 
«r0.6 Mm or grea.er wnh a m.crofiller hav,„g an average panicle size of abou. 0.05 Mm 
or less. HERCULITE' XRV,Ke.Co^.„so„esuehexample. HERCULITE- ,s 
cons,dcrcd by many as ,n, „,dus„y s,a„da,d lor hybrid composites. ,t has an avemae 

by a wet milling process that produces fine panicles ,ha. are substantially contaminan, 
f..e. About 1 0% by vo,„„,e of this filler exceeds 1.50 Mm in average pan.cle stze. In 

chnical use. the surtace of HERCULITP turns to a scmi-glossy matte finish over time. 
Because of th,s. the resiorat.on „,ay becontc d,s„„gu,shable from „„™al tooth strucure 
when dry. which is no. desirable for a cosmetic restoration. 
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Another class of composites, flowable composites, have a volume 
fraction of structural filler of about 10% to about 30% by volume. These flowable 
composites are mainly used in low viscosity applications to obtain good adaptation and 
to prevent the formation of gaps during the filling of a cavity. 

Various methods of forming submicron particles, such as precipitation or 
sol gel methods, are available lo produce paniculate reinforcing fillers for hybrid 
composites. Comminution by a milling method may also be used for forming the 
submicron particles. The predominant types of milling methods are dry milling and wet 
milling. In dry milling, air or an inert gas is used lo keep particles in suspension. 
However, fine particles tend lo agglomerate in response to van der Waals forces, which 
limits the capabilities of dry milling. Wet milling uses a liquid such as water or alcohol 
to control agglomeration of fine particles. Therefore, wet milling is typically used for 
comminution of submicron-sized particles. As opposed to the spherically-shaped 
particles typically produced by sol gel methods, the ground particles are nonspherical. 
providing increased adhesion of the resin to the structural filler, thereby further 
enhancing the overall strength of the composite. 

In copending U.S. Patent Application Serial No. 09/270,999 entitled 
^'Optimum Particle Sized Hybrid Composited C. .Angeletakis et al., filed on March 17, 
1999 and incorporated herein by reference in its entirety, there is disclosed a resin- 
containing dental composite including a translucent structural filler of ground particles 
having an average particle size of between about 0.05 |im and about 0.5 ^m that has the 
high strength required for load bearing restorations, yet maintains a glossy appearance 
in clinical use required for cosmetic restorations. Specifically, since the structural filler 
size is less than the wavelength of visible light, the surface of a dental restoration will 
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reflect more light in sonic dirt-ciions than in others even after wear of the composite by 
brushing. The visible light waves do not substantially interact with the structural filler 
particles protruding out of the surface of the composite, and therefore, haze is reduced 
and the luster of the surface is maintained even after substantial brushing. This 
application represents a significant advancement in hybrid composite technology, but 
some of the composites produced according to the teachings of this pending application 
lack the vital looking appearance of a natural tooth. 

As can be discerned from the multitude of patents in the area of dental 
restorative materials, the dcvclopiiicni of composite resins for denial restorations has 
been extremely difficult, attempting to balance physical propenies with optical 
propcnies to produce an overall superior product. Pursuit of the "opal effect" in 
composite resins has mainly Ibcused on small additions of "opal agents" or pigments, 
such as microllnc titania. alumina or zirconia to achieve opalescence. For example, 
European Publicaiioii No. 533.434 describes the addition of microfino titania (<0.2Mm) 
in an amount less than 2 wi.% to hybrid or microfill cold-polymerizable dental 
composite fornuilations to achieve opalescence. 

it IS desirable to achieve opalescence in both hot- and cold- 
polymerizable dental composite rosins, particularly the composite described in the 
copending application No. 09/270.909. While opalescence may be achieved by 
modifying the composite fomiulations with small amounts of opal agents or pigments, 
the present invention focu.scs on the de\ elopment of a self-opalescmg composite resin. 
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Summary of the Invention 

The present invention provides a resin-containing dental composite 
including a dispersed phase, reinforcing, translucent filler having about 15-80% by 
volume of these filler panicles in ilie panicle size range between about 0.2 fxm and 
5 about 0.6 f.im whereby ihe composite has a self-opalescing quality. Without the addition 
of opalescencc-impaning pigments, the dental restorative composite of the present 
invention displays opalescence lo the visible eye, which gives the restoration the 
appearance of a vital, natural tooth. To this end, and in accordance with the principles 
of the present inx cniion. opalescence as defined herein by an average AC* coordinate of 

10 at least about 9 is aclnevcd by incorporating into a resin matrix a translucent filler, 
preferably at a loading between about 20-86% by weight of the composite, in which 
about 15-80% by volume, and preferably 25-80% by volume, of this filler component 
has panicles in the size range of about 0.2-0.6 um. 

In a funher feature of the present invention, the refractive indices of the 

1 5 resin and the translucent filler arc the same or substantially similar, both being within 
the range of 1 .45- 1 .60. More particularly, it is preferred that the refractive index of the 
filler be within +/- 0.04 of the refractive index of the resin. In yet a further feature of 
the present invention, to prevent the opal effect achieved by the present invention from 
being masked, the dental restorative composite comprises less than 0.0021% by weight 

20 yellow hue pigments such that the composite formulation is reladvely colorless, much 
like human enamel. 

In a preferred embodiment ofthe present invention, the filler is ground, 
typically by agitator or vibraior\' milling, to the preferred panicle size range. As 
opposed to the panicles fonned by the known sol-gel process, the grinding ofthe filler 
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results in nonsphericai particles which due to their irregular shape interact with the 
polymerized resin to a much greater extent to increase adhesion of the resin to the filler 
and thereby increase the overall strength of the composite. 

In accordance with a further aspect of the invention, microHU particles 

5 having a mean panicle size less than about 0.05 urn may be added, preferably between 
about 1 % by weight and about 15% by weight of the composite to form a hybrid 
composite. The microfill panicles contribute to dispersion reinforcement, fill the 
interstices between the larger stniciural filler particles reducing occluded volume, and 
provide a large surface area to be wetted by the resin to increase strength. The microfill 

) panicles also contribute to the fiow properties of the uncured resin. 



Detailed Description ol the Invention 

The present invention, in a prefen-ed form, is a dental restorative 
composite that includes a translucent filler having sufficient panicles in the particle size 

1 5 range between about 0.2 urn and about 0.60 nm whereby the composite is self- 

opalescing. The opalescence produced by the translucent, reinforcing fillers is less 
pronounced than that achieved by the addition of opalescence-impaning pigments. 
Hence, to produce enough opalescence in the composite, this translucent filler must be 
present in relatively high loadings. More particularly, the composite of the present 

20 invention should comprise about 20-86% by weight of a translucent filler, with 1 5-80% 
by volume, and preferably 25-80% by volume, of this filler component being in the 0.2- 
0.6 ^^m panicle size range. The panicle size of the individual particles may be 
measured by any known method, such as laser scattering described below. The 
composite of the present invention may be of the hybrid type, further containing a 

-0- 
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microfill having a mean particle size less than about 0.05 \im in a curable resin, 
preferably a photopolymerizable resin containing methacrylate monomers. Such 
methacrylate monomer resins are cured when exposed to visible light. The dental 
composite is applied to teeth by the dental practitioner and exposed to a visible light 
5 source to cure the resin. The cured composite of the present invention displays 
opalescence similar to that of natural tooth. 

In a composite material, such as a tooth colored dental restorative, the 
resin matrix and the filler should be matched in their refractive index to achieve a 
transparency similar lo looih sinicture, as opposed to clear or opaque materials. In 
10 addition, this transparency is necessary for the material to be cured using visible light 
initiation of polymerization. The formulator has relatively wide choices for adjusting 
the refractive index of the resin because resins in the range of about 1.45 to about 1.60 
are easily available commercially. Although glass fillers are much more complex to 
formulate, micron-sized particulate fillers may be manufactured to have a refractive 
1 5 index in the 1 .45- 1 .60 range. Moreover, the purity of the glass filler should be very 
high because small amounts of impurities, down to the low ppm level, show ver\' 
prominently when the filler is dispersed in the resin. Thus, in accordance with the 
principles of the prcseni invention, the refractive index of the polymerized resin is the 
same or similar to the refractive index of the filler. More specifically, it is preferred that 
20 the refi*active indices be within +/- 0.04. 

Transluccnt fillers suitable for use in the present invention include, but 
are not limited to, borosilicate glass, barium magnesium aluminosilicate glass, barium 
aluminosilicate glass, amorphous silica, zirconium silicate, titanium silicate, barium 
oxide, quartz, alumina and other inorganic oxide particles. 

-10- 
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In one embodiment of the present invention, the translucent filler of the 
present invention has a mean particle size of about 0. l^^m to about 1 .0 f^m, with 15- 
80% by volume of this filler falling within the particle size range of 0.2-0.6 f^m. In 
another embodiment of the present invention, the translucent filler is that described in 
5 copending application Serial No. 09/270.999. but with 15-80% by volume of the filler 
faUing within the 0.2-0.6 ^^m panicle size range. Such a composite having a filler with 
a mean panicle size of 0.05-0.5 ^^m with 15-80% by volume of that filler in the 0.2-0.6 
Mm panicle size range will provide the high strength required for load bearing 
restorations, will maintain a glossy appearance in clinical use, and will have a vital. 
10 opalescent, translucent appearance. 

To provide translucent filler having sufficient particles in the particle 
size range of 0.2-0.6 nm, a chemical sol gel process may be used to manufacture the 
filler, or preferably, a filler may be ground to the size range by an e.xiensive 
comminution step. Comminution is preferably perfomied by wet milling either in an 
5 agitator mill or in a vibratory mill. Comminution deagglomerates the filler panicles by 
separating panicles from clusters, decreases the size of the filler particles, eliminates 
large panicles by breakage and increases the specific surface area of the filler particles 
by producing a large quantity of fine particles. 

The degree of opalescence may be measured by a simple colorimetric 
0 method similar to that disclosed in European Publication No. 533,434, incorporated by 
reference herein in iis entirety. The method described therein uses the b* color 
coordinate of the CIEL.AB scale, as described in Billmeyer & Saltzman, Principles of 
Color Technology , 2"'^ Ed., pp. 62-65 (1981), and describes opalescence as the Ab* 
value (that is, the transmission b* color coordinate minus the reflection b* color 
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coordinaie) tor a 1 mm ihick sample of the composite material. The Ab* value 
measures the difference in the blue-yellow b* coordinate of the CIELAB scale, thereby 
approximaimg the composite s opalescence. A Ab* value of greater than 9 is described 
as opalescent. 

5 Opalescence in transmitted light is described as an orange effect, which 

also contains a red component. Thus, for the method used in the present invention for 
determining opalescence, the chromaticity difference. AC*, is used. AC* includes, in 
addition to Ab*. the red-green chromaticity difference. Aa*. In this case. Aa* is the red- 
tjreen equivalent of Ab*. AC* is a scalar quanuty. and it is determined by taking the 

0 square root of the sum of Aa*= and Ab*'. At AC* values less than 4. opalescence is not 
obser\'ed. For dental restorative composites to match the vitality of a natural tooth, the 
AC* coordinate is advantageously at least about 9. At AC* values between 4 and 9. 
some opalescence may be obserx ed. but it is only slightly discemable by the naked eye. 
This low degree of opalescence in the restoration does not result in a vital looking 

1 5 appearance similar to natural tooth. At AC* values of at least about 9, this opal effect is 
clearly observable by the naked eye. just as this effect is observable in connection with 
natural tooth. The higher the AC* % aiue the more pronounced the opal effect becomes. 



Examples 

In preparing the filler for incorporation into a composite paste, the mean 
particle size of the filler was measured by laser scattering. Laser scattering is a method 
of measuring mean particle size by sensing the average relative angular intensity of 
scattered light. A beam of monochromatic light with a uniform wave front is directed at 
the sample, the light is diffracted or scattered by the particles and a detector is used to 
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measure the relative average intensiiy of the scattered light at various angles. The mean 
particle size and particle size distribution curve may then be calculated from the relative 
average intensity. One such laser scattering device is disclosed in U.S. Patent No. 
5,610,712 to Schmitz et al.. incorporated herein by reference in its entirety. For the 
present examples, a Horiba Model LA-910 Laser Scattering Mean Particle Size 
Analyzer was used. The panicle size distribution and mean panicle size for each of the 
fillers was measured and the cumulative volume percent of filler particles distributed in 
the 0.2-0.6um particle size range was calculated from the panicle size distribution 
curves. 

Fhe tillers used in the composites of the present invention are preferably 
silanated. For the following examples, the fillers were silanated by spraying in a V- 
blender with a 20% liydrolyzcd solution of gamma-meihacryloxypropyltrimethoxy- 
silane in water to make the liller powder hydrophobic. The loading of the silane in the 
filler was 2.5'!;, by weight. 

The properly sized translucent tiller may be combined with colloid sized 
panicles, such as types of silica, alumina and silicates, for example silica zirconia or 
silica titania, the particles having a mean particle size less than 0.05 fim to fonn a 
hybrid composite, if desired. Typically, hydrophobic fumed silica is used in an amount 
between 1-15 wt% of the final composition. 

The translucent filler, and optional colloidal filler is then combined with 
a light-curable resin base material which may include commercially available 
monomers containing mcthacrylate groups. T.ABLES I and 2 list the components of the 
resins that will be used in later examples. 
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TABLE 1 
RESIN COMPOSITION A 



COMPONENT 


% BY WEIGHT 


BisGMA (Bisphenol A Diglycidyl ether dimethacrylale) 


3.0 


Triethylene Glycol Diinclhacrylaic 


24.7 


Ethoxylatcd Bisphenol A Diinciluicryialc 


7L1 


2-Ethylliexyl-4-(dimethylamino)bcnzoaic 


0.49 


Camphoroquinonc 


0.17 


2-Hydroxy-4-mclhoxy Bcnzophcnonc 


0.49 


(BHT) Biityiatcd Hydroxyloliicnc 


0.05 


FABLE 2 
RESIN COMPOSITION B 


COMPONENT 


% BY WEIGHT 


UDMA (7,7.9-Triinclliyl-4.l3-dioxo-:>,14-dioxa-5.12- 
diazaiiexadccaiic- 1 . 1 ().-dinictlu>crylale) 


42.7 


Hexaneiliol Diinclhacrylaic 


43.9 


Ethoxylaicd Bisphenol A Dinicthacrx'latc 


13.0 


2-Ethylhexyl-4(diincthylaniiiio)hcnzoalc 


0.25 


Camphoroquinonc 


0.15 



5 

Other monomers may be used in the resin composilion, such as 
diethylene glycol dimethacrylate, irielhylene glycol dimcthacr>'late, letraethylene glycol 
dimethacr\'laie, i,6-hcxancdiol dimethacn'late, 1,12-dodecanediol dimeihacr\'latc, 
diurethane dimelhaciylate (Rohamere ooM-O, Huls America. Somerset, NJ), iri- 
0 methyloipropane irimeiiiacrvLue. giyceryl dimcihacr\'late. and neopeniylglycol 
dimethacrv'lale. 

The resm composition is introduced into a planetaiA' mixer thermosiated 
at 50" C. The planeiaiy mixer is then started and the filler (or fillers) is added slowly 

-14- 
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over a period of 3 hours. The composite is subsequently mixed for another hour and 
then de-aerated under attenuated oxygen pressure. 

Samples liaviny the dimensions of 1 mm thick x 2 inches diameter 
then prepared in stainless .steel molds sandwiched between glass slides. The sampi 
were light cured lor 1 0 m.nutes in a Cure Plus curing hght (Jenenc Pentron Inc.) and 
additionally heat cured for 10 minutes at I35T in a Belleglass Curing Unit (Kerr 
Con,.). The chromaticity cor.linates for standard daylight conditions were measured 
for each cured disk in the transmission and reflectance modes using a TCS Plus 
Colorimeter (B^■I<. Gardner Inc.). 
Example 1 

Control Samples I and 2. and Test Samples 1-3 were prepared as 
descnbed above, using silanc treated borosilicate glass as the translucent filler, differing 
only in mean pan.cic s./o and distribution. Control Sample 2 also contains 0.1% by 
weight titanium dioxide (type P25 from Degussa Corp.. Ridgefield Park. N.J.). a known 
opalescence-impamng pigment. Borosilicate glass has a refractive index of about I.4S. 
Each translucent filler was mixed with Resin Composition B. as provided m Table 2. 
with the iransiuccnt fiilcr loading being 74% by weight of the total composition. Resm 
Composition B has a refractive index of 1 .478. and thus the refractive indices of the 
filler and resin are wuhin 0.002 of each other. T.^LE 3 provides the cumulative 
volume percent of the translucent filler tailing within the 0.2-0.6um particle size range 
and the rcsuiiing AC^ value. 
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TABLE 3 

OPALESCENCE OF BOROSILICATE GLASS 



Sample # 


Mean Particle 
Size 
(um) 


Cumulative Vol. 
/u riiicr in u>^~ 
0.6uin Range 


AC* 
deviation) 


Control f? 1 


1 0.0 


1.3 


5.19(0.05) 


Control # 2 w/ 
opalescent additive 


1.0 


40.4 


21.12 (0.22) 


Test n 1 


1.0 


40.4 


15.89(0.10) 


Test # 2 


0.55 




14.10(0.39) 


Test 3 


0.4 


7S.3 


15.32 (0.21) 



As TABLE 3 demonstrates, where the mean particle size is large and the distribution is 
such that a low percentage fails within the 0.2-0.6um particle size range, as in Control 
Sample 1, the composite displays low opalescence, less than that required to simulate 

5 natural tooth and less than thai required for the "opal effect'' to be visible to the naked 
eye. The low opalescence is believed to be due to weak diffuse interaction w ith light, 
such that there is a small amount of light scauering. In contrast. Test Samples 1 -3 are 
clearly opalescent. ha\'ing AC* values well above 9. Although the opalescence is not as 
dramatic as in Control Sample 2, which contains the opalescence-impaning pigment, it 

0 is clearly discernible to the naked eye and the restorations made from these lest 
composites display vitality similar to natural tooth. 
Example 2 

Control Sample 3 and Test Samples 4 and 5 were prepared as described 
above, using si lane U'eaied barium aluminosilicaie glass as the translucent filler. 
5 differing only in mean panicle size arid distribution. Barium aluminosilicaie glass has a 
high refractive index of about 1 .54, and contains a heavy metal, barium, to impart x-ray 
radiopacity to the restoration. Each translucent filler was mixed with Resin 
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Composition A. as provided in Table 1, with the translucent filler loading being 78% by 
weight of the total composition. Resin Composition A has a refractive index of 1 .5 1 8. 
and thus the refractive indices of the filler and resin are within 0.022 of each other. 
TABLE'4 provides the cumulative volume percent of the translucent filler falling within 
the 0.2-0.6i^m particle size range and the resulting AC* value. 

TABLE 4 

OPALESCENCE OF BARIUM ALUMINOSILICATE GLASS 



Sample M 


Mean Particle 
Size 

(yum) 


Cumulative Vol. 
% Filler in 0.2- 

0.6um Range 


AC* 
(standard 
deviation) 


Control U 3 


10.0 


4.0 


7.98 (0.44) 


Test # 4 


1.0 


31.4 


15.80(0.11) 


Test # 5 


0.4 


67.7 


15.58(0.42) 



As TABLE 4 demonstrates. Control Sample 3 having a slightly higher loading of 
barium aiuminosilicate translucent filler distributed in the 0.2-0.6Aim particle size range 
than the borosilicatc glass of Control Sample 1 has some degree of opalescence, which 
is slightly discernible by the naked eye, but as the mean panicle size is reduced and a 
larger amount of particles fall within the 0.2-0.6,um particle size range, the degree of 
opalescence increases significantly and is more clearly visible by the naked eye. 
Example 3 

Test Samples 6-9 were prepared as described above, using different 
translucent fillers of varying mean particle size and filler loadings. Silica (OX-50 from 
Degussa Corp.). used in Test Samples 6 and 7, has a refractive index of about 1.45. The 
translucent silica filler w as mi.xed with Resin Composition B, as provided in Table 2, 
with the translucent filler loading as listed in TABLE 5. Resin Composition B has a 
refractive index of 1 .478. and thus the refractive indices of the siHca filler and resin are 
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wilhin 0.028 of each other. The titanium silicate filler of Test Sample 8 (from 
Tokuyama, Japan) was mixed with Resin Composition B, while the zirconium silicate 
filler of Test Sample 9 ( from Tokuyama, Japan) was mixed with Resin Composition A. 
These silicate fillers comprise nanopaniclcs produced by the sol gel process, and the 
5 refractive index was not measured. TABLE 5 provides the total filler loading for the 
composite formulation, the cumulative volume percent of the translucent filler falling 
within the 0.2-0. Cam particle size range and the resulting AC* value. 

TABLE 5 

OPALESCENCE OF OTHER GLASSES 

10 



Sample U 


Mean Particle 
Size 
{um) 


Filler 
i.oading 
(Wt. %) 


Cumulative Vol, 
% Filler in 0.2- 
0.6um Range 


AC* 
(standard 
deviation) 


Test ?f 6 


0.04 


20 


15.9 


9.52 (0.73) 


Test # 7 


0.4 


40 


60.8 


24.58 (0.94) 


Test # 8 


0.2 


74 


54.5 


18.96 (0.37) 


Test # 9 


0.2 


74 


64.4 


11.71 (0.40) 



As TABLE 5 dcmonsiraics. silica llllcrs produce opalescence that is discernible in 
varying degrees lo the naked eye. wiih the degree of opalescence being dependent upon 
the mean particle size and loading. The 0.04Lmi silica filler produced a AC* value of 

20 9.52 with a filler loading of only 20% by weight in which 15.9% by volume of this filler 
has particles in ilie 0.2-(.).(nan panicle sizeVange. While this degree of opalescence is 
visible to the naked eye, the 0.4iim agglomerated silica filler having a higher loading of 
40% by weight in which a high amount of the filler falls within the 0.2-0.6Mm panicle 
size range produced a nuich stronger degree of opalescence as indicated by the AC* 

25 value of 24.5S. The titanium silicate and zirconium silicate formulas having still higher 
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loadings, 74% by weight, with a high amount of the filler falling withing the 0.2-0.6^01 
range also displayed relatively high degrees of opalescence. 

From the examples described above, it appears that high distributions of 
translucent filler particles either below 0.2um or above 0.6um result in low 
5 opalescence. This is believed to be due to these panicles not having a sufficiently 
strong interaction with light to produce light scattering, which produces the -"opal 
effect." Particles within the 0.2-0.6um particle size range have a strong diffuse 
interaction with light. Ifpresent m sufficient amounts in the composite, these panicles 
will produce a high degree of opalescence that is clearly visible to the naked eye. giving 
0 a dental restoration made from this composite a vital-looking appearance. 
Example 4 

Test Samples 10-13 were prepared as described above, using silane 
treated 0.4am barium aluminosilicate glass, differing only m tint, or color shade. Test 
Sample 5 from Table 4 is an untinted composite paste, meaning that it contains no color 
pigments to shade the composite. Test Samples 10-13 contain yellow hue pigments to 
match the color of the cured composite to the color of natural teeth. Two different 
commercially ax ailable yellow hue pigments were used, namely FDC#6 from Warner 
Jenkinson. Inc. and Y019S7 from Pfizer Inc. The filler used in the composite paste of 
Test Sample 10 contams 50% by weight untinted filler and 50% by weight of filler 
20 tinted with the yellow hue pigments to create a Vita Shade A2 color, according to the 
known shading s> stem used in the dental industry for matching the color of natural 
teeth. The fillers used in the composite pastes of Test Samples 1 1. 12 and 13 contam 
75%, 90% and 100% by weight tinted filler, respectively. Each translucent filler was 
mixed with Resin Composition A. as provided in Table 1, with the translucent filler 



15 
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loading being 78% by weight of the total composition, and with the cumulative volume 
percent of the translucent filler falling within the 0.2-0.6Aim particle size range being 
67%, TABLE 6 provides the weight percent of yellow pigment used in the composite 
paste and the resulting AC* value. 



TABLE 6 

OPALESCENCE OF TINTED BARIUM ALUMINOSILICATE GLASS 



Sample 

# 


Filler 


FDC#6 
(Wt.%) 


Y01987 
(Wt.%) 


Total 

Pigment 
in Paste 

( Wt. Vo) 


AC* 
(standard 
deviation) 


Test # 5 


100%0.4.wm untinted 


0 


0 


0 


12.45 
(0.08) 


Tesi# 10 


50% OAum untinted 
50% OAum tinted 


0.0002 


0.001 


0.0012 


11.37 
(0.15) 


Test # 1 1 


25% 0.4um untinted 
75% 0.4yum tinted 


0.0003 


0.0015 


0.00 IS 


10.17 
(0.33) 


Test# 12 


10% OAum untinted 
90% 0.4jum tinted 


0.00036 


0.0018 


0.00216 


8.82 
(0.16) 


Test# 13 


100% 0.4imi tinted 


0.0004 


0.002 


0.0024 


7.43 
(0.15) 



TABLE 6 demonstrates the effect of color pigments on opalescence. Opalescence 
observed in teeth and restorative materials is a subtle effect that may be affected by 
other more dominant optical properties. For example, opalescence may be significantly 
affected, or masked, by color or shade. In particular, hues in the range of yellow and 
blue from pigmentation are believed to affect opalescence significantly if sufficient 
chroma is present. Composite resin formulas shaded to match the yellow hue present in 
natural teeth, for example the Vita Shade A3 formula, may mask opalescence because 
of the strong yellow chroma in the b* coordinate. Test Samples 5 and 10-13 have 
identical components with the exception of the addition of varying quantities of a 
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yellow hue pigmentation in Test Samples 10-13. As TABLE 6 demonstrates, 
opalescence decreases with increasing shading of the composite paste. The untinted 
composite had a AC* value of 12.45 and the opalescence was clearly discernible. Test 
Samples 10 and II contained small quantities of pigment, less than about 0.0021% by 
weight of the total composition, and had AC* values of II. 3 7 and 10.17, respectively, 
which again the opalescence is clearly discernible by the naked eye, but not to as high a 
degree as the untinted composite. Test Sample 12 contained a higher amount of 
pigment. 0.00216% by weight of the total composition, and had a AC* value of 8.82, 
which opalescence is only borderline visible by the naked eye. Test Sample 13 had a 
relatively high amount of pigment resulting in a AC* value of only 7.43. which is less 
than that needed for the opalescence to be clearly visible to the naked eye. Without 
being bound by theory, as pigments are added to the composite formula to produce a 
Vita A3 shade, the yellow-brown hue becomes dominant and opalescence is not 
discernible anymore. This may explain why opalescence has not been previously 
observed in dental restorative composites without the addition of opalescence-imparting 
agents. To ma.\imize the opalescent effect from reinforcing translucent fillers, it is 
believed that the restorative composite formulations should be relatively colorless, 
much like human enamel. To this end, the amount of yellow hue pigmentation added to 
the composite fonmulations should advantageously be kept at a level at or below about 
0.0021% by weight. To e.xpress this in an alternative way, the composition should be 
less than 90% A3 shaded. 
Example .S 

In addition to providing opalescence, the composites of the present 
invention are also translucent. A translucency, as measured by %T, that matches the 
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natural tooth structure ranges from 14-80%T. The %T is measured from a 1mm thick 
cured sample by a Gardner XL 10 Color Difference Meter (B YK Gardner Inc.). TABLE 
7 provides the %T values for the untinted test samples of the present invention. 

TABLE 7 

5 TRANSLUCENCY OF RESTORATIVE COMPOSITIONS 



Test 
Sample #'s 


Paste Components 


Refractive 
Index of 
Filler 


Refractive 
Index of 
Resin 


Filler 
Loading 
(Wt. %) 


%T 


1,2,3 


Borosilicate glass 
in Resin B 


1.48 


1 .47.8 


74.0 


25-35 


4,5 


Barium alumino- 
silicaie in Resin A 


1.54 


1.518 


78.0 


26-33 


6,7 


Silica in Resin B 


1.45-1.48 


1.478 


20-40 


73-84 


8 


Titanium silicate in 
Resin B 


* 


1.478 


74.0 


73 


9 


Zirconium silicate 
in Resin A 


* 


1.518 


74.0 


23 


* Refractive inc 


ex not measurable. 



15 As TABLE 7 shows, the Test Samples of the present invention have a translucency that 

is the same or substantially similar to that of natural tooth. 

Thus, the denial composite of the present invention provides a 

translucent restoration liavint: a hijih degree of opalescence that is clearly discernible by 

the naked eye. Opalescing agents need not be added to provide the vital looking 
20 appearance of natural tooih, as the restorative composite of the present invention is self- 

opalescing. 

While the present invention has been illustrated by a description of 
various embodiments and while these embodiments have been described in considerable 
detail, it is not the intention of the Applicants to restrict or in any way limit the scope of 
25 the appended claims to such detail. Additional advantages and modifications will 

-79. 
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readily appear lo ihosc skilled in ihc art. The invention in its broader aspects is 
therefore not limited lo ihc specific details and representative composition as shown and 
described. This has been a description of the present invention, along with the preferred 
composition using the present invention as currently known. However, the invention 
5 itself should only be defined by the appended claims. 
WHAT IS CLAIMED IS: 
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1 . A dental restorative composite, comprising: 
a resin base; and 

a translucent filler comprisinu between about 1 5% and about 80% by 
volume of particles in a particle size range from about 0.2 |im to about 0.6 fim, 

wherein the translucent filler contributes to the dental restorative 
composite an average AC* coordinate of at least about 9. 

2. The dental restorative composite of claim 1, wherein the dental 
restorative composite is substantially free of opalcsccnce-impaning pigment. 

3. The dental restorative composite of claim 1, wherein the translucent filler 
comprises between about 25% and about 80% by volume of particles in a particle size 
range from about 0.2 to about 0.6 jum. 

4. The denial restorative composite of claim I, wherein the translucent filler 

and ihe resin base each ha\ c a rciraciive index in the range of about 1 .45-1 .60. 

5. The dental restorative composite of claim L wherein the translucent filler 
has a refractive index within +/- 0.04 of the refractive index of the resin base. 



6. The dental restorative composite of claim 1, wherein the composite 

includes less than about 0.0021% by weight yellow hue pigments. 



wo 0 1/266 1 1 PCTAJSOO/23182 

7. The denial restorative composite of claim 1 , wherein the translucent filler 
is selected from the group consisting of: borosilicate glass, barium aluminosilicate 
glass, silica, titanium silicate, zirconium silicate, barium magnesium aluminosilicate 
glass, barium oxide, quartz and alumina. 

8. The dental restorative composite of claim 1, wherein the restorative 
composite comprises between about 20% and about 86% by weight translucent filler. 

9. Tiic dental rcsioraiive composite of claim 1 , wherein the translucent 
filler has a mean particle size tVoni about 0, 1 /.^m to about 1 ,0 um. 

10. The dental rcsioraiive composite of claini 9, further comprising about 
1%-15% by weight of a microfillcr of mean particle size less than about 0.05 jum. 

1 1 . The dental restorative composite of claim 1 , wherein the translucent 
filler has a mean particle size from about 0.05 A/m to about 0.5 um. 

The denial restorative composite of claim 1 1 . further comprising about 
1%-15% by weight of a microfillcr of mean particle size less than about 0.05 fj.m. 



wo 01/2661 1 PCT/USOO/23182 

1 3. A denial restorative composite comprising: 

a resin base having a refractive index in the range of about 1.45-1.60; 

and 

20% to 86% by weight translucent filler having a refractive index in the 
5 range of about 1.45- 1 .60, tlic translucent filler comprising between about 15% and 
about 80% by volume panicles in a particle size range from about 0.2 fim to about 
0.6 Jim, 

wherein the translucent filler contributes to the dental restorative 
composite an average AC* coordinate of at least about 9. and 
10 wherein ihc refractive index of the translucent filler is within -^l- 0.04 of 

the refractive index of the resin base. 

14. The dental restorative composite of claim 13, wherein the dental 
restorative composite is substantially free of opalescence-imparting pigment. 

1 5. The dental restorative composite of claim 1 3. wherein the translucent 
filler comprises between about 25% and about 80%) by volume of particles in a particle 
size ranue from about 0.2 um to about 0.6 .am. 



16. The dental restorative composite of claim 13, wherein the composite 

includes less than about 0.002 Tlo by weight yellow hue pigments. 
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1 7. The dental restorative composite of claim 13, wherein the translucent 

filler is selected from the group consisting of: borosilicate glass, barium aluminosilicate 
glass, sihca, titanium silicate, zirconium silicate, barium magnesium aluminosilicate 
glass, barium oxide, quanz and alumina. 

The dental restorative composite of claim 13, wherein the translucent 
filler ha.s a mean particle size from about 0, 1 /^m to about 1 .0 ^m. 

' ''''ic dental restorative composite of claim 1 S, further comprising about 

1%-15% by weight of a microfillcr of mean particle size less than 0.05 lum. 

"^^^ dciudl rcsior;itivc composite of claim 1 3, wherein the translucent 
filler has a mean particle size from about 0.05 /uni to about 0.5 jam. 



( 



- ^ • The dental restorative composite of claim 20, further comprising about 

1%-15% by weight of a nncrofiller of mean particle size less than about 0.05 nm. 
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Opalescent fillers for dental restorative composites 
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Abstract 



There is provided a resin-containing dental composite including a dispersed phase, reinforcing, translucent 
filler having about 25-80% by volume of the filler particles in the particle size range from about 0.2 mum to 
about 0,6 mum whereby the composite has a self-opalescing quality. Without the addition of opalescence- 
imparting pigments, a dental restorative composite is provided that displays opalescence to the visible eye, 
which gives the restoration the appearance of a vital, natural tooth. Preferably, the refractive indices of the 
resin and the translucent filler are the same or substantially similar, both advantageously being within the 
range of 1.45-1.60. Further, to prevent the opal effect from being masked, the dental restorative composite 
advantageously comprises less than 0.0021% by weight yellow hue pigments such that the composite 
formulation is relatively colorless 
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